(12)

United States Patent

Toihara

US009074279B2

(10) Patent No.: US 9,074,279 B2
(45) Date of Patent: Jul. 7, 2015

(54)
(735)
(73)

")

@

(22)

(86)

87

(65)

(1)

(52)

HARD LAMINAR COATING (58) Field of Classification Search
USPC ........... 51/307, 309; 428/216, 336, 697, 698,
Inventor: Takaomi Toihara, Toyokawa (IP) 428/699, 704
See application file for complete search history.
Assignee: OSG CORPORATION, Toyokawa-shi
IP) (56) References Cited
Notice: Subject to any disclaimer, the term of this U.S. PATENT DOCUMENTS
patent is extended or adjusted under 35
U.S.C. 154(b) by 49 days. 4,268,582 A * 5/1981 Haleetal. ................... 428/698
4,619,865 A * 10/1986 Keemetal. . .. 428/699
. 6,287,711 B1* 9/2001 Nichetal. . 428/697
Appl. No.: 13/982,685 6,770,358 B2*  8/2004 Berger et al. . 51/309
R 8,388,709 B2* 3/2013 Wallgram et al. ............... 51/307
PCT Filed: Feb. 1,2011 2003/0039867 Al 2/2003 Berger et al.
2004/0214033 Al  10/2004 Berger et al.
PCT No.: PCT/IP2011/052067 2005/0170162 Al 82005 Yamamoto et al.
§ 371 (c)(1), (Continued)
(2), (4) Date:  Jul. 30, 2013
FOREIGN PATENT DOCUMENTS
PCT Pub. No.: 'W02012/105001 CN 1845808 A 10/2006
PCT Pub. Date: Aug. 9, 2012 CN 101214744 *7/2008
(Continued)
Prior Publication Data
OTHER PUBLICATIONS
US 2013/0309467 Al Nov. 21, 2013
Mar. 8, 2011 International Search Report issued in International
Int. CI. Application No. PCT/JP2011/052067 (with translation).
B23B 27/14 (2006.01) (Continued)
C23C 14/08 (2006.01)
C23C 14/06 (2006.01) Primary Examiner — Archene Turner
€23C 28/04 (2006.01) (74) Attorney, Agent, or Firm — Oliff PLC
C23C 30/00 (2006.01)
C23C 14/32 (2006.01) (57) ABSTRACT
C23C 28/00 (2006.01) It is provided a hard laminar coating consisting of a plurality
US. ClL. of films including two kinds of films in the form of a first film
CPC ...... C23C 14/083 (2013.01); YI0T 428/24975 and a second film having respective different compositions
(2015.01); €23C 14/067 (2013.01); €23C and alternately laminated on a surface of a base structure,
28/044 (2013.01); C23C 30/005 (2013.01); wherein the first film is an oxide or an oxynitride of (Ti,,,B,),
C23C 14/0676 (2013.01); C23C 14/08 while the second film is TiB,.
(2013.01); C23C 14/32 (2013.01), C23C
28/042 (2013.01); C23C 28/42 (2013.01) 2 Claims, 6 Drawing Sheets
10
16
18
G : .
( RS
I Ay §- ', < ~$“ o
i
\l
{/ < \
12



US 9,074,279 B2

Page 2
(56) References Cited Jp A-2002-355704 12/2002
Jp 2003-291006 *10/2003
U.S. PATENT DOCUMENTS Jp A-2003-291007 10/2003
Jp A-2004-42149 2/2004
; Jp A-2005-256081 9/2005
2006/0154108 Al 7/2006 Fukui et al. P 2008238281 * 10/2008

2007/0278090 Al  12/2007 Yamamoto et al.
OTHER PUBLICATIONS
FOREIGN PATENT DOCUMENTS
Nov. 28, 2014 Office Action issued in Korean Application No. 2013-
DE 343616 * 8/1985 7022874.
Jp A-7-205361 8/1995
Jp A-10-204618 8/1998 * cited by examiner



U.S. Patent Jul. 7, 2015 Sheet 1 of 6 US 9,074,279 B2

FIG.1

'l_.-so

FIG.2

20\

24

2 22
24

) 24
\\\\\\\\\\\\\\\\\\\\",22
t*_
12

P

NN\




U.S. Patent Jul. 7, 2015 Sheet 2 of 6 US 9,074,279 B2

REACTION GAS

SUPPLY DEVICE T
38
'L

/-46
[
A
18 g |4
= =
3 3
fr fr.
z =
g 2
(&) [&]
% %
EXHAUSTING
DEVICE
\
49
ROTARY BIASING POWER ~~_136
DRIVE DEVICE SOURCE
i
\ +
33
Veora

FIG.4

34

. ‘ Q 52
34
32

34



U.S. Patent Jul. 7, 2015 Sheet 3 of 6 US 9,074,279 B2

FIG.5

66
s oy
- . %%,
62 \66 \6 4

FIG.6

20

68



U.S. Patent Jul. 7, 2015 Sheet 4 of 6 US 9,074,279 B2

FIG.7

70-\\

N
20#%\' 76




U.S. Patent Jul. 7, 2015 Sheet 5 of 6 US 9,074,279 B2




US 9,074,279 B2

Sheet 6 of 6

Jul. 7, 2015

U.S. Patent

0% 18VIT LV ST 30VINS J3M3Y 40 YVaM wwgD 3HO438 LN STT0H 40 HISWNN JHL FH3HM 3AvYN 81 NOLLYNTVYAT Q00D 3 MYVYINIY
JOVAHNS JIMIY A0 HYIM Wz IHOHEE 10D STT0H A0 H38WON | MV

T005 10N 3 3 57 70 51 SELETR TWid Wl |6 S1aAvS SALLVEVINOD
G000 10N ¥ Z 10 700 500 O1008660LL Vi AW |8 _T1dAVS JALLYHVINOD
Qo0 LON 6 jid [ 20 £0 NOZ 08800 v WA g 4 £ FTdNVYS SALLVYHYIHOD
G00o 1ON 51 £ vE FE 500 NOVOED0LL Vi VA |9 S1dAVE SALLVEVINOD
G005 10N o1 3 651 09 0% R0 0826011 A VW 15 FIdWYS SALLYEYINOD
4009 LON Gl |4 143 ge 0t 050°08560LL g W4 v N P T1ANVS JALLYHYAWNOO
G005 1ON 5 Z X <00 500 NOT0850LL EE VWL [ T1dAvS SALLVEYAWOD
400D 10N 81 ol 08 g1 I NOFGEZ 0L LN V|2 T1dWVS SALLVIVANGD
G605 10N 71 ¥ i oL 02 Glo0aee0i | g Wil VI |1 TIdWYS SALVEVARDD
G005 1ON o7 I ] - 08 087 OLL - 9 31dAYS LUV HOd
G005 10N 5 i &g = 0200888 0L = ¢ SidilvS 10Y HORd
@009 LON i L re - NOSOSE0LL < v J1dAVS LUV Holud
d005 1ON 6 I 56 = ZalL = € TIdAvS LAV HOoRd
d005 10N 3 : £0 = 7ol - 7 T1dAVS 1Y Hod
A00D LON bl i i = ZalL - I TTdAvS L8V HOld
T00D e T 52 70 70 TEL ] NOGOGvoL R AW | 61 J1aRvS NOLLNGAN]
ao0o &t 81 £9 Z0 0 Zall 0561 Vi TWIE 1 81 _TIdAvS NOLLNIANI
a609 9z ? 5% 57 o7 ZaiL VWi SWIE | 71 TIdWYS NOILNIAN]
dooD I3 ¥ 0% i) 50 Za VW3 W3 | 51 TIdAVS NOLLNIAN]
G000 It g I3 ol 2 78l | NOVOSSOL FWId Wi | &l _TIdNvYS NOLLNIANI
G0 5 Tor oL I 1o 8L | NOS00Ge60IL v W FWIE | 1 31dAvVE NOLLNIAN
Q009 £ 5l T £0 0 7aL LR W4 BWAE | 50 TIdAVE NOLLNIAND
Go0D 9e z T T oS Za | GF0080501L VWil BWIH | 2L S1dAYS NOILNIAN]
Q00D 82 4 6 8% 284 oL NOL08E0LL Y W4 g Wl 11 F1dNVYS NOLLNEANI
4o0o I3 £ o T i 78| 0Z008860i e 8WIL__| 0L J1dAVS NOLLNIANI
G005 B t% 78 £0 70 78 | 0e008r6 0L VWi VW |6 F1dAVS NOLLNIANE
GO0D &2 Z 7 70 0F Gl | NOEOGLOL W VWIS | 8 J1dWVS NOLLNIANE
acod 52 3 5] 05 10 78 |NOS0O0GZ60L |V Wi VWIS 1 I T1dAVS NOLLNIAN
8009 ot [ gL 70 30 ZaIL OS0BY 0L v Wi VI ] 8 T1dAvS NOLLNGANI
G009 7 5 06 33 ol 78l | OG00HG60LL v Wi VAT | § T1dWVS NOLLNIAN
ac0® ) 91 9% 70 50 Zai 0708 0LL E VWIS | 7 TIdAvS NOLLNIANI
a009 73 5 Ve 50 £0 78l | Nogo0850iL e VIS | & S1dWVS NOLLNGAN
aooD g z 001 05 08 78l | NOI0SEOIL Wi VI |2 S1dWVS NOILNIANT
G00D 52 z Z0 10 £ Z8l | oeoo8se0l. | A WD e I S1dNVS NOLLNIANI
2 MuviNEd bRYINTE wf
Y SWLd s A _MW n LU L 8 WHd v Wil HaAv UV STIdWvS 1831
NOLLYITIVAZ | ST10H 40 g3gnnn | 20 HIBWON | F ww&mo ) ssaviomL LSOWNIddN |LSOWEIMTT]
§1[4) BNIdd2LS-NON T70H GNITE) WwgE AST/AR] 0 U0 57N TYOILEIA VIEEE
QM4 ONLLLAO| DNIGI3H 50 300M HL1d30 ONITTIHG 31vy Q334 wmmw%u 100 INIHOVI FOTHHOM

89 TIH0 JAEYVD O3ININZD ‘STIdWVS LS3L

6 Old




US 9,074,279 B2

1
HARD LAMINAR COATING

TECHNICAL FIELD

The present invention relates to a hard laminar coating
including two kinds of films having respective different com-
positions and alternately laminated on a surface of a base
structure, and more particularly to an improvement of prop-
erties of the hard laminar coating.

BACKGROUND ART

Various hard laminar coatings including two kinds of films
in the form of a first film and a second film having respective
different compositions and alternately laminated on each
other have been proposed, as a wear resistant hard laminar
coating provided on a surface of a base structure of a tool of
a high-speed tool steel or a cemented carbide. Patent Docu-
ments 1 and 2 disclose examples of such hard laminar coat-
ings, wherein two kinds of films formed of metal elements
belonging to the Groups [Va, Va and V1a of the Periodic Table
of'the Elements, or nitrides or carbides of Al, for example, are
alternately laminated on each other with predetermined thick-
nesses of successive lamination. Namely, these hard laminar
coatings are improved in the film hardness and wear resis-
tance, owing to thickness reduction of the first and second
films and increase of the number of lamination of the films,
alloying of the metal elements, and various other means.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: JP-7-205361A
Patent Document 2: JP-2005-256081 A

SUMMARY OF THE INVENTION
Object Achieved by the Invention

However, cutting tools provided with such hard laminar
coatings do not exhibit sufficiently satisfactory properties in
terms of their welding resistance, wear resistance and heat
resistance, where the cutting tools are used to cut workpieces
of'heatresistant alloys such as Inconel (trademark of a nickel-
based cemented carbide) and titanium alloys, or workpieces
of composite materials including those heat resistant alloys.

The present invention was made in view of the background
art described above. It is therefore an object of the present
invention to provide a hard laminar coating which has suffi-
ciently satisfactory properties in terms of its welding resis-
tance, wear resistance and heat resistance where a cutting tool
provided with the hard laminar coating is used to cut work-
pieces of heat resistant alloys such as Inconel and titanium
alloys, or workpieces of composite materials including those
heat resistant alloys.

Means for Achieving the Object

The present inventor, who made various studies in view of
the above-described background art, found that a Ti-based
hard laminar coating wherein one of the first and second films
includes an oxide or nitride of boron (B) was satisfactory in
terms of its welding resistance and heat resistance, but was
not sufficient in its wear resistance and bonding strength,
while a Ti-based hard laminar coating wherein one of the first
and second films includes boron (B) was almost acceptable in

10

15

20

25

30

35

40

45

50

55

60

65

2

terms of its heat resistance, wear resistance and bonding
strength, but was not satisfactory in its welding resistance.
The present inventor tried to manufacture the hard laminar
coating including the alternately laminated first and second
films one of which includes an oxide or nitride of boron (B)
and the other of which includes boron (B), and found that this
hard laminar coating was satisfactory in terms of all of its
wear resistance, heat resistance, welding resistance and bond-
ing strength (adhesion strength). The present invention was
based on this finding.

That is, according to a first aspect of this invention, there is
provided a hard laminar coating (a) consisting of a plurality of
films including two kinds of films in the form of a first film
and a second film having respective different compositions
and alternately laminated on a surface of a base structure,
characterized in that (b) the above-described first film is an
oxide or an oxynitride of (Ti, ,B,), while (c) the above-
described second film is TiB,.

According to a second aspect of the invention depending
from the first aspect, (d) an atomic ratio a in the above-
described first film satisfies 0.02<a=<0.7, and (e) a thickness of
the above-described first film is no less than 0.1 um and no
more than 5.0 um, while (f) a thickness of the above-de-
scribed second film is no less than 0.1 pm and no more than
5.0 um, (g) the above-described hard laminar coating having
atotal thickness of no less than 0.2 pum and no more than 10.0
pm.

According to a third aspect of the invention depending
from the first or second aspect, (h) the above-described hard
laminar coating consists of no less than 2 and no more than
100 layers, which are laminated on each other.

Advantages of the Invention

The hard laminar coating according to the first aspect of
this invention is formed by alternately laminating the first film
of'the oxide or oxynitride of (Ti,_,B,) and the second film of
TiB,, on the surface of the base structure, so that the hard
laminar coating has satisfactory properties in terms of all of
its wear resistance, heat resistance, welding resistance and
bonding strength (adhesion strength).

According to the second aspect of the invention, the atomic
ratio a of the (Ti,_,B,) in the first film satisfies 0.02<a=<0.7,
and the thickness of'the first film is no less than 0.1 um and no
more than 5.0 um, while the thickness of the second film is no
less than 0.1 pm and no more than 5.0 um, the hard laminar
coating having the total thickness of no less than 0.2 um and
no more than 10.0 um, so that the hard laminar coating has
satisfactory properties in terms of all of its wear resistance,
heat resistance, welding resistance and bonding strength (ad-
hesion strength).

The hard laminar coating according to the third aspect of
the invention, the number of the first and second films alter-
nately laminated on each other is no less than 2 and no more
than 100, so that the hard laminar coating has satisfactory
properties in terms of all of its wear resistance, heat resis-
tance, welding resistance and bonding strength (adhesion
strength).

The above-described hard laminar coating is preferably
provided on a surface of various kinds of machining tools
such as cutting tool bits and other non-rotary cutting tools,
and rolling tools, as well as on a surface of at least a cutting
portion of an end mill, a tapping tool, a drilling tool and other
rotary cutting tools. However, the present hard laminar coat-
ing may be provided on a surface of various members other
than the machining tools, as a protective coating on semicon-
ductor devices, for example. The base structure such as the
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base structure of a tool, on which the hard laminar coating is
provided, is preferably formed of a cemented carbide or a
high-speed tool steel, but may be formed of any other metallic
material.

The hard laminar coating is preferably formed by a PVD
process (physical vapor deposition process), such as an arc
ion plating process and a sputtering process. The thicknesses
of the first and second films can be suitably controlled by
adjusting amounts of electric power to be applied to targets,
for instance.

The atomic ratio a in (Ti,_,B,) of the above-described first
film is preferably selected within a range between 0.2 and 0.7,
depending upon the kinds of the metal elements and the
required properties of the hard laminar coating. If the atomic
ratio a is less than 0.02 or more than 0.7, the hard laminar
coating cannot exhibit a satisfactory degree of wear resis-
tance. The first film may be either an oxide or a nitride of
(Til—aBa)'

The above-described first and second films may include
inevitably contained impurity elements or other elements not
influencing the properties of the hard laminar coating, other
than the oxide or nitride of (Ti,_,B,) and TiB,.

Preferably, the above-described first film has the thickness
of no less than 0.1 um and no more than 5.0 um, while the
second film has the thickness of no less than 0.1 um and no
more than 5.0 um, and the hard laminar coating has the total
thickness of no less than 0.2 pm and no more than 10.0 pm. If
the thickness of the first or second film is less than 0.1 um or
if the total thickness of the hard laminar coating is less than
0.2 um, the hard laminar coating is not satisfactory in terms of
at least the wear resistance. If the thickness of the first or
second film is more than 0.5 pum or if the total thickness of the
hard laminar coating is more than 10.0 pm, the cost of manu-
facture of the hard laminar coating is unacceptably high.

Preferably, the number of the first and second films alter-
nately laminated on each other is no less than 2 and no more
than 100. If the number of the films is less than 2, the hard
laminar coating does not include the first film or the second
film, and is not satisfactory in terms of its wear resistance. If
the number of the first and second films is more than 100, the
cost of manufacture of the hard laminar coating is accordingly
increased.

Either the first film or the second film may be formed first
in contact with the surface of the base structure (of a tool, for
example), depending upon the compositions of the first and
second films. For example, one of the first and second films
which has a higher degree of bonding strength is formed in
contact with the base structure. However, the first or second
film may be formed in contact with the base structure, irre-
spective of their compositions. The first and second films may
be alternately laminated on each other as a pair or a plurality
of successive pairs, but an odd total number of the first and
second films may be laminated on each other such that the
first film is formed as the lowermost and uppermost layers, or
the second film is formed as the lowermost and uppermost
layers. It is noted that a hard film other than the first and
second films may be interposed between the surface of the
base structure and the present hard laminar coating, as
needed, and another film may be formed on the uppermost
layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view showing an end mill to which a hard
laminar coating of the present invention is applicable, the
view being a front elevational view as seen in a direction
perpendicular to an axis of the end mill;
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FIG. 2 is a view showing the end mill of FIG. 1, the view
being a cross sectional view showing in enlargement the hard
laminar coating provided on a surface of a cutting portion of
the end mill;

FIG. 3 is a schematic view showing an example of an arc
ion plating device configured to suitably form the hard lami-
nar coating of FIG. 1 in a PVD process;

FIG. 4 is a plane view for explaining a positional relation-
ship between a rotary table and targets of the arc ion plating
device of FIG. 3;

FIG. 5 is a front elevational view of a ball end mill to which
the hard laminar coating of the present invention is appli-
cable, as seen in the direction perpendicular to the axis of the
ball end mill;

FIG. 6 is an end view of the cutting portion of the ball end
mill of FIG. 5, as seen in the axial direction of the ball end
mill;

FIG.7 is a front elevational view of a drill to which the hard
laminar coating of the present invention is applicable, as seen
in a direction perpendicular to the axis of the drill;

FIG. 8 is a perspective view showing a cutting portion of
the drill of FIG. 7; and

FIG. 9 is a view indicating composition, thickness, number
ofthe films and evaluated wear resistance of the hard laminar
coatings formed on the cutting portion of the drill of FIG. 7,
as compared with those of comparative samples not satisfying
the numerical requirements of the present invention and prior
art samples wherein the hard laminar coating includes only
one kind of film.

MODE FOR CARRYING OUT THE INVENTION

Referring to the drawings, embodiments of the present
invention will be described in detail.

First Embodiment

FIG. 1 is the view showing an end mill 10 which is an
example of a tool to which a hard laminar coating of the
present invention is applicable, the view being a front eleva-
tional view as seen in a direction perpendicular to an axis C of
the end mill 10. This end mill 10 has a tool base structure 12
formed of a cemented carbide and consisting of a shank and a
cutting portion 14. The cutting portion 14 has integrally
formed helical peripheral cutting edges 16 and a linear end
cutting edge 18 as cutting edges. The cutting portion 14 is
rotated about the axis C to perform a cutting operation with
the peripheral cutting edges 16 and end cutting edge 18, and
is coated on its surface with a hard laminar coating 20. A
hatched area in FIG. 1 shows the hard laminar coating 20.

FIG. 2 is the cross sectional view showing in enlargement
structure of the hard laminar coating 20 provided on the
surface of the cutting portion 14. The end mill 10 is a rotary
cutting tool, and the tool base structure 12 corresponds to a
base body having a surface on which the hard laminar coating
20 is provided.

As is apparent from FIG. 2, the hard laminar coating 20
consists of a multiplicity of layers formed on a surface of the
tool base structure 12 by alternately laminating a first film 22
and a second film 24 of respective different compositions on
each other. The first film 22 is formed of an oxide or an
oxynitride of an alloy of (Ti;_,B,). The atomic ratio a of the
alloy of (Ti,_,B,) satisfies 0.02=a<0.7, and the thickness of
the first film 22 is no less than 0.1 pm and no more than 5.0
um. The second film 24 is formed of an alloy of TiB,. The
thickness of the second film 24 is no less than 0.1 pm and no
more than 5.0 um. The hard laminar coating 20 including the
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alternately laminated first and second films 22, 24 consists of
no less than 2 and no more than 100 layers, and has a thickness
of'no less than 0.2 um and no more than 10.0 pm.

FIG. 3 is the schematic view showing an arc ion plating
device 30 suitably used to form the above-described hard
laminar coating 20. FIG. 4 is the plane view taken along lines
A-A of FIG. 3. This arc ion plating device 30 is provided with:
afirst rotary table 32 having a substantially horizontal support
surface; a rotary drive device 33 for rotating the first rotary
table 32 about a substantially vertical axis O; a plurality of
(four in the example of FIG. 4) second rotary tables 34 dis-
posed in a radially outer portion of the first rotary table 32 and
holding a multiplicity of workpieces in the form of the tool
base structures 12 having the cutting edges 16, 18 to be coated
with the hard laminar coating 20; a biasing power source 36
for applying a negative bias voltage to the tool base structures
12; a chamber 38 serving as a processing container accom-
modating therein the tool base structures 12, etc.; a reaction
gas supply device 40 for supplying a suitable reaction gas into
the chamber 38; an exhausting device 42 provided with a
vacuum pump for exhausting a gas out of the chamber 38, and
thereby reducing the pressure within the chamber 38; a first
arc power source 44; a second arc power source 46; ctc. The
arc ion plating device 30 corresponds to a coating forming
device. It is noted that the tool base structures 12 held by the
second rotary tables 34 are not shown in FIG. 4.

The above-described second rotary tables 34 are disposed
in parallel to the first rotary table 32, such that each of the
second rotary tables 34 is rotated about its axis (second axis)
which is parallel to the axis O of the first rotary table 32. Each
second rotary table 34 holds a plurality of the tool base struc-
tures 12 such that each tool base structure 12 stands upright
with its axis being parallel to the above-indicated second axis
and with its cutting portion 14 being located on its upper side,
so that each of the tool base structures 12 is rotated about the
axis of the second rotary table 34 (about the second axis)
while at the same time rotated about the axis O of the first
rotary table 32. Around the first rotary table 32, there are
fixedly disposed a first target 48 and a second target 52, which
are spaced apart from each other by 180° about the axis O. As
the first rotary table 32 is continuously rotated, the tool base
structures 12 are moved cyclically and alternately in front of
the first and second targets 48, 52, together with the second
rotary tables 34. In the present embodiment, the two targets in
the form of the first and second targets 48, 52 are disposed in
the 180° spaced-apart relationship with each other about the
axis O. While the present embodiment is configured such that
the plurality of second rotary tables 34 are rotated by respec-
tive rotary drive devices independently of the rotation of the
first rotary table 32, the second rotary tables 34 may be
mechanically connected through a gear or other mechanism
to the first rotary table 32 so that the second rotary tables 34
are rotated in synchronization with the rotation of the first
rotary table 32.

The above-indicated reaction gas supply device 40 is pro-
vided with reservoirs storing a nitrogen (N,,) gas, a hydrocar-
bon (CH,, C,H,, etc.) gas, an oxygen (O,) gas, etc., and
supplies the appropriate gas or gases depending upon the
compositions of the first and second films 22, 24 to be formed.
For example, only the oxygen gas is supplied to form an
oxide, or only the nitrogen gas is supplied to form a nitride.
The oxygen gas and the nitrogen gas are supplied to form an
oxynitride, or the nitrogen gas and the hydrocarbon gas are
supplied to form a carbonitride. The appropriate gases are
supplied to form other compounds such as a boronitride.

The first target 48 disposed to face the above-indicated axis
O is formed of an alloy of (Ti, ,B,) which provides the
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components of the first film 22, while the second target 52
also disposed to face the axis O is formed of an alloy of TiB,
which provides the components of the second film 24. The
above-indicated first arc power source 44 applies a predeter-
mined arc current between a cathode in the form of the above-
indicated first target 48 and an anode 50, to perform an arc
discharge for vaporizing the alloy of (Ti,_,B,) from the first
target 48 so that the vaporized alloy of (T1, ,B,) is deposited
as positive (+) metal ions on the tool base structures 12 to
which the negative bias voltage is applied. At this time, the
vaporized alloy of (T1,_,B,) reacts with the supplied reaction
gas or gases, to form an oxide or an oxynitride of (Ti, B,) for
thereby forming the first film 22. The above-indicated second
arc power source 46 applies a predetermined arc current
between a cathode in the form of the above-indicated second
target 52 and an anode 54, to perform an arc discharge for
vaporizing the alloy of TiB, from the second target 52 so that
the vaporized alloy of TiB, is deposited as positive (+) metal
ions on the tool base structures 12 to which the negative bias
voltage is applied.

When the hard laminar coating 20 is formed on the surface
of the cutting portion 14 of each tool base structure 12, by
using the arc ion plating device 30 constructed as described
above, the predetermined reaction gas or gases is/are supplied
from the reaction gas supply device 40 while the pressure
within the chamber 38 is held at a predetermined level (e.g.
within a range between about 1.33 Pa and about 3.99 Pa) by
the operation of the exhausting device 42, and the predeter-
mined bias voltage (e.g. within a range between about -50V
and about —150V) is applied from the bias power source 36 to
the tool base structures 12. At the same time, the first rotary
table 32 is continuously rotated about the axis O in one
direction at a constant speed while the second rotary tables 34
are rotated about their axes, so that the tool base structures 12
are moved cyclically and alternately in front of the first and
second targets 48, 52, together with the second rotary tables
34, while the tool base structures 12 are rotated about the
second axis.

The first film 22 formed of the oxide or oxynitride of
(Ti,_,B,) is deposited on the surface of the tool base structure
12 when the tool base structure 12 is moved in front of the first
target 48, while the second film 24 formed of TiB, is depos-
ited on the surface of the tool base structure 12 when the tool
base structure 12 is moved in front of the second target 52.
Thus, the first film 22 and the second film 24 are alternately
and repeatedly laminated on the surface of the tool base
structure 12, to form the hard laminar coating 20. In the
present embodiment, the first and second targets 48, 52 are
disposed around the first rotary table 32, so that the first film
22 and the second film 24 are laminated on each other during
rotation of the first rotary table 32. The amounts of the arc
current applied from the respective arc power sources 44, 46
are determined according to the thicknesses of the first and
second films 22, 24 to be formed. The formation of this hard
laminar coating 20 can be automatically controlled by a con-
trol device including a computer.

Since the first film 22 is formed of an oxide or oxynitride of
(Ti,_,B,) while the second film 24 is formed of TiB,, the first
and second films 22, 24 must be formed independently of
each other, so that the reaction gas or gases to be supplied
from the reaction gas supply device 40 is/are changed, and the
first and second arc power sources 44, 46 are selectively
turned on and off to selectively turn on and off the first and
second targets 48, 52.

Second Embodiment

FIG. 5 is the front elevational view of a ball end mill 60
having a cutting portion 64 on which the hard laminar coating
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20 is formed in a process similar to that for the end mill 10 in
the first embodiment, as seen in the direction perpendicular to
the axis C of the ball end mill 60, and FIG. 6 is the end view
of' the cutting portion 64 of the ball end mill 60 as seen in its
axial direction. This ball end mill 60 has a tool base structure
62 formed of a cemented carbide and consisting of a shank
and the cutting portion 64. The cutting portion 64 has inte-
grally formed helical peripheral cutting edges 66 and two
semicircular ball (end) cutting edges 68 as cutting edges. The
cutting portion 64 is rotated about the axis to perform a
cutting operation with the peripheral cutting edges 66 and ball
cutting edges 68, and is coated on its surface with the hard
laminar coating 20 as shown in FIG. 2. Hatched areas in
FIGS. 5 and 6 show the hard laminar coating 20.

Third Embodiment

FIG. 7 is the front elevational view of a drill 70 having a tip
end cutting portion 76 on which the above-described hard
laminar coating 20 is formed in a process similar to that for
the end mill 10 in the first embodiment, as seen in a direction
perpendicular to the axis C of the drill 70, and FIG. 8 is the
perspective view showing the tip end cutting portion 76. For
example, this drill 70 is a twist drill having three cutting edges
formed integrally with a body of a cemented carbide. Namely,
the twist drill 70 has a tool base structure 77 in the form of an
elongate body of a cemented carbide consisting of a shank 72
to be held by the main spindle, a shaft portion 74 and the tip
end cutting portion 76, which are formed in this order of
description in the axial direction. The tip end cutting portion
76 has a diameter D slightly larger than that of the shaft
portion 74, and functions as a cutting edge primarily to cut a
hole. The end cutting portion 76 is coated on its surface with
the hard laminar coating 20 shown in FIG. 2. Hatched areas in
FIGS. 7 and 8 show the hard laminar coating 20.

The above-indicated shaft portion 74 and end cutting por-
tion 76 have three spiral grooves 78 formed equiangularly
spaced apart from each other about an axis C of the drill, and
primary cutting edges (end cutting edges) 80 formed at the
open end of the respective spiral grooves 78 at a tip end of the
tip end cutting portion 76, along the open end edges of the
respective spiral grooves 78. A cutting-fluid supply hole 82 is
open in a relief surface of one of the primary cutting edges 80,
which is an end face of the end cutting portion 76.

A plurality of different kinds of test samples of the above-
described drill 70 were manufactured by coating the surface
of'the end cutting portion 76 with the respective hard laminar
coatings having respective different combinations of the
compositions, thicknesses and number of lamination of the
films, as indicated in FIG. 9. Test drilling operations were
performed with the test sample drills under the following
drilling conditions, and the test sample drills were evaluated
onthebasis of the number ofholes that could be cut by the test
sample drills. Results of the evaluation are also indicated in
FIG. 9.InFIG. 9, film A corresponds to the first film 22, while
film B corresponds to the second film 24. The last characters
“07”, “N” and “ON” of the representation of the composition
of the film A respectively indicate an oxide, a nitride and an
oxynitride. The number of holes indicated in FIG. 9 is the
number of the holes that could be cut by the drill of each test
sample before 0.2 mm wear of the relief surface adjacent to
the primary (end) cutting edges 80 was recognized. The wear
resistance of each test sample drill was evaluated depending
upon the number of the holes cut, and “Good” evaluation was
made where the number of the holes cut is more than 20.
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<Conditions of Test Drilling Operations>
Drill: Cemented carbide drill (¢8.3 mm) coated with the hard
laminar coating
Workpiece: Inconel 718 (trademark of a nickel-based
cemented carbide)

Machine tool used: Vertical machining center
Cutting speed: 10 m/min.

Feed rate: 0.1 mm/rev.

Drilling depth: 33 mm (blind hole)

Mode of feeding: Non-stepping

Cutting fluid: Oil

In the above-described test drilling operations, all of the
test sample drills coated with the hard laminar coatings 20
each including the alternately laminated first and second films
22, 24 exhibited satisfactory properties in terms of welding
resistance, heat resistance and bonding strength, but these test
sample drills exhibited different degrees of wear resistance,
as indicated in FIG. 9. Namely, in FIG. 9 “Invention Samples
1-19” which are the drills coated with the hard laminar coat-
ing 20 including the alternately laminated first and second
films 22, 24 were given “good” evaluation of the wear resis-
tance, and “Comparative Samples 1-9” which are also the
drills coated with the hard laminar coating 20 were given “not
good” evaluation of the wear resistance. “Prior Art Samples
1-6” are drills coated with respective hard laminar coatings
each using only one kind of film.

In each of the “Invention Samples 1-19” given the “good”
evaluation of the wear resistance, the hard laminar coating 20
covering its cutting portion includes the first film 22 (film A)
formed of an oxide or an oxynitride of the alloy of (Ti, B,)
and the second film 24 (film B), which are alternately lami-
nated on each other. Further, the atomic ratio a of the alloy of
(Ti,_,B,) satisfies 0:02<a=<0.7, and the thickness of the first
film 22 is no less than 0.1 um and no more than 5.0 pum. The
second film 24 is formed of the alloy of TiB,, and the thick-
ness of the second film 24 is no less than 0.1 pm and no more
than 5.0 um. The number of the first and second films 22, 24
alternately laminated on each other to form the hard laminar
coating 20 is no less than 2 and no more than 100, and the hard
laminar coating 20 has the thickness of no less than 0.2 um
and no more than 10.0 um. All of these “Invention Samples
1-19” were given the “good” evaluation of the wear resis-
tance, irrespective of whether the first film 22 (film A) or the
second film 24 (film B) is the lowermost layer, or the upper-
most layer, as indicated in FIG. 9.

On the other hand, the “Comparative Samples 1-9” were
given the “not good” evaluation of the wear resistance. These
samples were also coated with the hard laminar coatings 20
each of which includes the alternately laminated with first and
second films 22, 24 at the cutting edges and wherein the first
film 22 is formed of an oxide or oxynitride of (T1,_,B,) while
the second film 24 is formed of TiB,. However, any one of the
atomic ratio a, the film thicknesses and the number of the
films alternately laminated on each other is outside a corre-
sponding one of the ranges of the present invention described
above. Further, the “Prior Art Samples 1-6” wherein the hard
laminar coating uses only one kind of film exhibited consid-
erably low degrees of wear resistance, and also failed to
exhibit satisfactory properties in terms of at least one of its
welding resistance, heat resistance and bonding strength that
is not shown in FIG. 9.

The illustrated embodiments described above are config-
ured such that the hard laminar coating 20 includes the first
film 22 of an oxide or an oxynitride of (Ti, ,B,) and the
second film 24 formed of TiB,, which are alternately lami-
nated on a surface of the base structure 12, 62, 77, so that the
hard laminar coating 20 has satisfactory properties in terms of
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all of its wear resistance, heat resistance, welding resistance,
and bonding strength (adhesion strength).

The illustrated embodiments are further configured such
that the atomic ratio a in (Ti,_,B,) of the first film 22 satisfies
0.02=a=<50.7, and the thickness of the first film 22 is no less
than 0.1 um and no more than 5.0 um, while the thickness of
the second film 24 is no less than 0.1 um and no more than 5.0
um, and such that the hard laminar coating 20 has the total
thickness of no less than 0.2 pm and no more than 10.0 um, so
that the hard laminar coating 20 has satisfactory properties in
terms of all of its wear resistance, heat resistance, welding
resistance, and bonding strength (adhesion strength).

The illustrated embodiments are also configured such that
the number of the first and second films 22, 24 of the hard
laminar coating 20 alternately laminated on each other is no
less than 2 and no more than 100, so that the hard laminar
coating 20 has satisfactory properties in terms of all of its
wear resistance, heat resistance, welding resistance and bond-
ing strength (adhesion strength).

While the embodiments of the present invention have been
described above in detail by reference to the drawings, for
illustrative purpose only, it is to be understood that the present
invention may be embodied with various changes and
improvements, which may occur to those skilled in the art.

INDUSTRIAL UTILITY

The hard laminar coating 20 according to the present
invention includes the first film 22 formed of an oxide or an
oxynitride of (Ti, ,B,) and the second film 24 formed of TiB,,,
which are alternately laminated on a surface of the tool base
structure 12, 62, 77, so that the hard laminar coating 20 has
satisfactory properties in terms of all of its wear resistance,
heat resistance, welding resistance, and bonding strength (ad-
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hesion strength). The hard laminar coating 20 having the
particularly improved wear resistance can be suitably used as
a hard coating for rotary cutting tools, etc.

NOMENCLATURE OF REFERENCE SIGNS

10: End mill (Cutting tool provided with a hard laminar
coating)

12, 62, 77: Base structure of tools

20: Hard laminar coating

22: First film

24: Second film

60: Ball end mill (Cutting tool provided with a hard laminar
coating)

70: Drill (Cutting tool provided with a hard laminar coating)

The invention claimed is:

1. A hard laminar coating consisting of a plurality of films
including two kinds of films in the form of a first film and a
second film having respective different compositions and
alternately laminated on a surface of a base structure, wherein
said first film is an oxide or an oxynitride of (Ti, ,B,), while
said second film is TiB,

wherein an atomic ratio a in said first film satisfies

0.02=a<0.7, and a thickness of said first film is no less
than 0.1 pum and no more than 5.0 um, while a thickness
of said second film is no less than 0.1 um and no more
than 5.0 um, said hard laminar coating having a total
thickness of no less than 0.2 ym and no more than 10.0

2. The hard laminar coating according to claim 1, wherein
said hard laminar coating consists of no less than 2 and no
more than 100 layers, which are laminated on each other.

#* #* #* #* #*



